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SPECIFICATION 

1. Title of the Invention 

SUBSTRATE SURFACE TREATMENT METHOD AND APPARATUS 
THEREFOR 

2. Claims: 

( 1 ) . A method for treating a substrate surface, characterized 
in generating a cluster ion by ionizing a cluster that is an 
agglomeration of lots of molecules; accelerating the ionized 
cluster ion and colliding it against a substrate surface; and 
thereby sputter etching the substrate surface. 

(2) . A method for treating a substrate surface as set forth 
in claim 1, wherein the cluster ion is characterized in having 
unit electric charge. 

(3) . A method for treating a substrate surface as set forth 
in claim 1 or claim 2, characterized in that generating the 
cluster comprises introducing a rare gas into a gas pressure 
control chamber that is disposed in a high vacuum region and 
has cooling means in the surroundings thereof; and ejecting 
the cooled rare gas from a gas ejection nozzle disposed in 
the gas pressure control chamber into a high vacuum region. 

(4) . Substrate surface treatment apparatus, characterized 
in comprising a vacuum tank; gas reservoir means for 
accommodating a gas to be a cluster source; means for cooling 
the gas reservoir means; a nozzle formed in the gas reservoir 
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means so as to generate a cluster of the gas by ejecting the 
gas into the vacuum tank; cluster ionizing means for 
generating a cluster ion by colliding a charged particle 
against the cluster; and accelerating means for accelerating 
and letting collide the cluster ion onto a surface of a 
substrate packed in the vacuum tank. 

(5) . Substrate surface treatment apparatus as set forth in 
claim 4, characterized in that the charged particle is an 
electron. 

(6) . Substrate surface treatment apparatus as set forth in 
claim 4 or claim 5 , characterized in that the means for cooling 
the gas reservoir means comprises a temperature control gas 
container disposed in contact with the gas reservoir means; 
and a refrigerant container disposed so as to come into 
contact with the temperature control gas container and not 
so as to come into contact with the gas reservoir means. 

3. Detailed Description of the Invention 
(Industrial Field of Application) 

The present invention relates to a surface treatment 
method of a substrate, in particular, a semiconductor 
substrate, more specifically, relates to a surface treatment 
method due to a cluster ion beam of a gas that is gaseous at 
normal temperature, which is suitable for cleaning and finely 
etching a surface of a semiconductor substrate such as a 
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silicon wafer, and relates to apparatus therefor. 
(Prior Art) 

So far, it is known that when Si is vacuum-deposited on 
a Si substrate in a high vacuum, it is important to prepare 
a clean surface before epitaxial growth. On a Si substrate 
surface that has undergone standard chemical treatment and 
cleaning, there are contamination materials such as natural 
oxide, carbon-containing substance and so on. 

Accordingly, it is considered necessary to form a clean 
surface before the epitaxial growth, and there have been 
proposed several methods therefor. 

Among these methods, there is an ion beam sputtering 
method in which an Ar gas of substantially 1 x 10" 4 Torr is 
filled in an epitaxial growth chamber, sputter cleaning of 
the substrate surface due to Ar + ion is performed at an 
accelerating voltage from 1 to 2 KeV, and thereby a layer that 
is within substantially 50 angstroms from a surface and has 
absorbed the carbon-containing substance or the like is 
etched . 

While this method has an advantage in that without 
heating the substrate, the etching can be performed, since 
the substrate surface becomes a damaged surface, there is a 
disadvantage in that after the sputtering, it is necessary 
to heat-treat at a temperature of 800 degree centigrade or 
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higher. In addition, there is another problem in that an Ar 
atom enters inside the Si substrate and causes damage (for 
instance, Journal of Applied Physics, vol. 48, No. 3, March 
1977 , pp. 907 to 913 ) . 

Furthermore, in the ion beam sputtering method, the 
generated Ar ion has energy of several KeV, and therewith the 
Ar + ion contributes in sputtering (etching) atoms on the 
substrate surface. However, since it has more energy than 
necessary to sputter the atom from the surface, and proceeds 
from the surface toward the inside while diffusing, there is 
a problem in that the irregularity in a crystal structure is 
caused . 

(Problems that the Invention is to Solve) 

The present invention intends to provide a substrate 
surface treatment method and apparatus in which without 
elevating a surface temperature of a Si substrate or the like, 
and without generating damage inside of the Si substrate, 
contaminations such as oxide, carbon-containing substances 
(SiC) and the like on a surface of the Si substrate are removed, 
and thereby a clean surface is obtained. 

(Means for Solving the Problems) 

The above intention is accomplished by generating, as ion 
species for use in sputter etching, a cluster ion obtained 
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by ionizing a cluster (cluster of agglomerations of atoms) 
made of from several hundreds to several thousands molecules 
of a normal temperature gas made of a rare gas such as Ar or 
a mixture of Ar, an inert gas and hydrogen, and by performing 
etching therewith . 

In order to make the rare gas such as Ar or the like the 
cluster made of from several hundreds to several thousands 
atoms, a gas (cluster source) reservoir arranged in a high 
vacuum is cooled to -220 to -150 degree centigrade and thereby 
a vapor pressure of the rare gas in the gas reservoir is 
controlled in the range of 1 to 10 Torr. 

The rare gas is ejected from a small opening (nozzle) 
partially disposed in the gas reservoir into a high vacuum, 
and thereby the rare gas is adiabatically expanded. Between 
the ejected rare gas molecules, a weak intermolecular force, 
van der Waals force, works, thereby a cluster made of from 
several hundreds to several thousands molecules is formed - 
Thermal electrons that are emitted from a filament are 
accelerated and allowed to collide with the generated cluster 
of the rare gas, and thereby the cluster is ionized. The 
generated cluster ion, after being accelerated to minus 
several kilo volts owing to an ion-extracting electrode, 
collides onto the substrate, and thereby the substrate 
surface is sputter etched. 
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(Operation) 

The cluster ion of the rare gas, though made of from 
several hundreds to several thousands molecules, has a 
positive unit electric charge as an amount of electric charge. 
When accelerated to several kilo volts with respect to the 
substrate, one cluster ion has kinetic energy of several kilo 
electron volts. 

However, when the cluster ion collides against the 
substrate, since the cluster is broken up, energy a molecule 
becomes from several to several tens electron volts. When 
the rare gas ion such as Ar" or the like is allowed to sputter 
surfaces of various substances, a threshold value of the 
sputtering is several tens electron volts. 

That is, when the cluster ion of the rare gas collides 
against the substrate and is broken up into rare gas molecule 
ions, the rare gas molecule ions are given an energy value 
adequate for sputtering the substrate or the contaminants on 
the substrate surface, and can sputter etch only a very 
surface up to a depth of several angstroms from the substrate 
surface. Accordingly, contrary to the ordinary ion etching, 
the present sputter etching does not cause damage inside of 
the substrate. 
( Embodiments ) 

In the following, one embodiment of the present invention 
will be explained with reference to the drawings. 
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Fig. 1 is a schematic block diagram schematically showing 
substrate surface treatment apparatus that makes use of a 
cluster ion beam according to a first embodiment of the 
present invention . 

In the figure, reference numeral 11 denotes a vacuum tank 
maintained at a vacuum of 10' 5 to 10" 7 Torr, and reference 
numeral 12 denotes an evacuating passage for evacuating the 
inside of the vacuum tank, and the evacuating passage 12 is 
connected to a not shown evacuating device (vacuum pump). 
Reference numeral 13 denotes a vacuum valve for opening the 
vacuum evacuating passage 12. 

Reference numeral 23 denotes a gas (that is, cluster 
source) reservoir having a nozzle 27 whose diameter is 
substantially 1 mm. The gas is adiabat ically expanded from 
the nozzle 27 of the cluster source 24 and ejected into the 
vacuum tank 11, and thereby a cluster 41 is generated. The 
cluster source 24 is made of inert gas molecules that are 
gaseous at normal temperature - 

Reference numeral 21 denotes a pressure vessel that 
reserves the gas molecules and is normally under a high 
pressure, and reference numeral 22 denotes a valve that 
controls a feed amount of the cluster source 24 that is fed 
from the pressure vessel 21 to the gas reservoir 23, and 
thereby regulates a pressure or the like of the gas reservoir 
23 . 
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In addition, reference numeral 251 denotes a coolant 
reservoir for flowing a coolant 252 that cools the gas 
reservoir 23. Reference numeral 261 denotes a temperature 
control gas reservoir that lets a temperature control gas 262 
flow-in to control a temperature of the cluster source 24 , 
and by controlling a flow rate of the temperature control gas 
262 by controlling openings of a feed valve 263 and an 
evacuating valve 264, a temperature of the cluster source 24 
is controlled. 

Reference numeral 30 denotes an ionizing unit in which 
the thermal electrons emitted from an ionizing filament 31 
are extracted by a grid (accelerating) electrode 32, a shower 
33 of the extracted thermal electrons is let collide against 
a neutral cluster 41, thereby a molecular cluster ion 42 is 
formed. Reference numeral 34 denotes an electrode for 
accelerating the molecular cluster ion 42 generated owing to 
an electron impact of the electron shower. Reference numeral 
53 denotes a heater for heating a substrate 51. 

Next, operations will be explained - 

In the present embodiment, a case where a surface of a 
single crystal silicon substrate 51 is etched will be 
explained. 

First, the vacuum tank 11 is evacuated by use of a vacuum 
pump to a vacuum of 10" 7 Torr. Krypton (Kr) is used as the 
cluster source 24, introduced into the gas reservoir 23, fed 
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therein while controlling the flow rate control valve 22 so 
that a krypton pressure (vapor pressure) inside of the gas 
reservoir 23 may be 10 Torr, and the krypton gas, that is, 
the cluster source 24, is ejected from the nozzle 27. 

The ejected krypton gas 24 is adiabatically expanded 
owing to the pressure difference between the gas reservoir 

23 and the vacuum tank 11, thereby a krypton cluster 41 is 
generated. When the krypton cluster is generated, the lower 
the temperature is made, the larger the cluster size can be 
made - 

The vapor pressure of krypton is substantially 10 Torr 
at a temperature of 86 degree Kelvin. When liquid nitrogen 
is used as the coolant 252, because its boiling temperature 
is 77 degree Kelvin, in the case of the gas reservoir 23 having 
a sufficient cooling effect, the vapor pressure of krypton 
gas 24 may be excessively lowered. 

Accordingly, in the present embodiment, as a temperature 
control gas 262, room temperature helium (He) is fed, and by 
controlling its flow rate, a temperature of the krypton gas 

24 is controlled, and thereby the size of the krypton cluster 
41 is controlled. 

Next, the electron shower 33 from the ionizing filament 
31 is let collide with the krypton cluster 41, and thereby 
the krypton cluster ion 42 is generated. When a tungsten wire 
of 0.7 mmcj) is used as the filament 31, an electric current to 



9 



the filament 31 is 5 to 30 A. Furthermore, a voltage for 
accelerating the thermal electrons from the filament 3 1 
toward the krypton cluster is several hundreds to 2 KV. 

Thus generated krypton cluster ion 42 is accelerated to 
from 1 to 10 KeV by means of the accelerating electrode 34, 
let collide against the silicon substrate 51, and thereby the 
surface thereof is etched. 

In this case, the substrate 51 may be heated by the heater 
53, and thereby the temperature thereof may be elevated. 

On the other hand, the neutral krypton clusters 41 that 
have not been ionized are not accelerated, but, with the 
kinetic energy obtained when ejected from the gas reservoir, 
collide with the silicon substrate 51, and thereby, in 
combination with the krypton cluster ion 42, contribute in 
etching the silicon substrate surface. 

By etching the silicon substrate surface, the krypton 
cluster is broken up into krypton molecules, and the 
decomposed gas is evacuated outside of the vacuum tank 11. 

Although the gas reservoir 23, temperature control gas 
reservoir 261 and coolant reservoir 251 are made of stainless 
steel, when it is necessary to improve a cooling effect, there 
may be cases desirable to make of metals such as aluminum, 
copper, nickel and so on. 

Cleanliness of the surface that is sputter etched with 
the krypton cluster ion can be evaluated by elemental analysis 
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of the substrate surface by incorporating an Auger electron 
spectroscopic unit in the vacuum tank 11. 

When a silicon substrate is repeatedly cleansed with aqua 
regia and hydrofluoric acid and finally cleansed with 
hydrochloric acid under heating, usually there is formed on 
the silicon substrate surface an oxide film of several tens 
angstrom. However, in the case of the sputter etching being 
applied by the cluster ion of the present embodiment, since 
the oxide film is sputtered, a clean silicon surface can be 
obtained . 

Although krypton (Kr) is used in the above embodiment, 
in place thereof, argon (Ar) , xenon (Xe) , or a mixture of these 
rare gases with other gases (for instance, inert gas, hydrogen 
or the like) may be used. 

When argon is used, different from the above embodiment, 
without using the temperature control gas (He) 262, by 
configuring so that the coolant reservoir 251 may be in direct 
contact with the gas reservoir 23, as the coolant, similarly 
to the above embodiment, liquid nitrogen can be used. Also 
according to this, similarly, the silicon substrate surface 
may be sputter etched. 

Fig. 2 shows apparatus according to another embodiment 
of the present invention in which, similarly to Embodiment 
1, with krypton gas, a surface of a silicon substrate is 
etched . 
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In the present embodiment, as the means for ionizing the 
krypton cluster 41, thermal electrons 33 emitted from the 
filament 31 are accelerated by means of the accelerating 
electrode 32 as well as directed their trajectory toward the 
cluster beam by means of a deflection magnet 38, and thereby 
the krypton cluster 41 is ionized. 

Thereby, similarly to the case of embodiment 1, with the 
krypton cluster ion 42, the surface of the silicon substrate 
51 can be etched. 

(Advantage of the Invention) 

According to the present invention, by appropriately 
controlling energy of the cluster ion of a rare gas, only the 
surface of the silicon substrate can be sputter etched. 

Accordingly, without generating the damage inside of the 
substrate, even when the substrate is a crystal like silicon, 
after the etching, annealing at a high temperature (700 to 
900 degree centigrade) is not necessary. In addition, in 
comparison with the existing ion etching, since a vacuum 
pressure at the etching is such low as 10" 5 to 10" 6 Torr, after 
the etching, the substrate surface can be suppressed from 
being re-contaminated . 

4. Brief Description of the Drawings 

Fig. 1 is a vertical sectional view of etching apparatus 
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of a substrate according to a cluster ion beam method of a 
rare gas according to one embodiment of the present invention. 

Fig. 2 is a vertical sectional view of etching apparatus 
of a substrate according to a cluster ion beam method of a 
rare gas according to another embodiment of the present 
invention . 
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[Fig. 1] 




